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STRESS TEST ANNSBEBVITY ANALYSIS

MANDATE

Section 51.1124.30:1 of theCode of Virginiaequires the Virginia Retirement System to
formally adopt a policy toregularly report sensitivity and stress testing analyses for
members of the General AssemblgAppendix A). The analyses shall include projections
of benefit levels, pension costs, liabilities, and debt reduction under various economic
and investment scenaios.

This report provides an analysis of the potential impact of various scenarios and
hypothetical situations onVRSadministered retirement plans and supports

transparency with regard to the future health of the retirement system

It should be noted thatwhen VRSexamines future potential outcomes for the plans,
probabilities exist for both positive and negative scenarios. This report focuses primarily
on the negative scenarios as thelyelp to identify areas of risk andgenerally provide the
most challenges to plan spons&
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EXECUTIVE SUMMARY ‘

The purpose of this report is to assist th&/RS Board of Trustees, th¥irginia General

Assembly, the Governor stakeholders, and the public to better understand and assess the
OEOEO ETEAOAT O ET OEA EOTAETC 1T £ OEA PAT OEI I
various possible risks faced by VRS and measures thgwotential impact on the defined

benefit programs.

While VRS was a leader in lowering the expected lostgrm rate of return of the pension
funds, several risks remain and opportunities exist to further strengthen the health of the
plans, particularly the statewide retirement plans

Key results andfindings of this report are:

FECOVID19 creates uncertainty inglobal markets and unpredictable impactsto future
market returns.

ESignificant resources must remain dedicated to addressing the amortization of the
legacyunfunded liabilities.

Z ! 1 Aslggeéi& that accelerating the payback of the legacy unfunded liabilities could
provide significant long-term savings andbetter position the statewide plans to weather
future volatility in investment returns , thereby serving toreduce investment risk.
However, available resources to take such action are limited at this time due to the
current economic climate and uncertainty regarding revenue.

FAdjustments to mortality assumptions are expected ining of 2021 as part ofthe

next quadrennial plan experience study. New tablesuggestadditional improvements in

mortality are likely, which could increase plan liabilities in coming years.However, as a

matter of course VRS has routinely adjusted its mortality assumptions to reflect al

bl Al AobPAOEAT AA8 4EAOAAZI OAh OEA EiI PAAO 1T £ OE/
long-standing demographic assumption review, analysis, and adjustments conducted to

more closely align assumptions and tables with actual plan experience. In adadi,

COVID19 may affectlongevity expectations, but it is too early to have any relevant data

related to these potential impacts.

FAs roughly two-thirds of benefits are funded by investment income, receiving 100% of
the Board-certified actuarially determined contributions not only avoids adding
liabilities to the plans, but also ensures assets are available timely to be invested and take
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EXECUTIVE SUMMARY

advantage of compund interest. The Governor andGeneral Assembly met and even
accelerated thestatutory requirement to fund 100% of the Board-certified contribution
rates.

Z O0AT OETT OAA&I Oi Oh ODbAéverfBE dad tetade have rdducedd A OE C1

the future costs of benefits. In addition, these reformbave reduced employersrisk by
introduc ing shared risk through the defined contribution component of the hybrid

retirement plan. Approximately 30% of a hybridplani Ai AA0O86 O AAT AEZEO EAO

investment or longevity risk for employers.

This report is intended to assistpolicymakers andstakeholders in assessing the
soundness of the System. To better understand the risks associated with funding the
System, this report examines a range of potemti outcomes, both economic and
demographic, that could endanger the longerm funding of the System and prevent the
System from reaching full funding.Again, this report focuses primarily on analyzing
negative outcomes, since such outcomes would result the greatest challenges for the
plan sponsors and System.

This report is based on the June 30, 2@1Annual Actuarial Valuation and reflects the
changes that have occurred over the past yeancluding the changes to actuarial
assumptions adopted by theVRS Board of Trusteesn April 2017, and the change in plan
discount rate adoptedin October 2019 In this report, the focus is on:

Z 4irgpActs of COVIBLY and resulting forward looking expectations.

Z 2 E OE @Qemn®Ofunding] incl@ding investment vohtility, contribution risk, and
longevity risk.
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FUTURE RISK ANALYSIS

Investment Rate of Return Assumption

Pension plans are generally preEOT AAAh [ AATET C I 1TTAU EO ET OAOO
career so that by the time theyretire adequate funds will exist to pay benefits for the
member while they are retired. Investment earnings on plan contributions currently
account for nearly two-thirds of pension funding. The discount rate the rate used to
determine the present value ofa future benefit payments influences the level of
contributions required, assuming they will generate investment income throughout a

i AT AROGO AAOAAO ARS\uses thongeronAdieroDdurnfas theglan
discount rate and these terms are used interchangeably in this report.

The discount rate assumption is one dhe most influential and sensitive assumptions

used in determining the liability of the plan benefits.Market conditions, including the
continued low interest rate environment, haveresulted in public pension funds

reviewing their expected longterm rate of return with many plans lowering future
expectations One challenging facet of setting the investment return assumption that has
emerged more recently is a divergence between expected returns over the near term, i.e.,
the next five to 10 years, and ovethe longer term, i.e., 20 to 30 years. A growing number
of market outlooks are concluding that neaiterm returns may be materially lower than
both historic norms as well as projected returns over longer timeframesExhibit 1 shows
public pension plan marke return expectations have generally declined over time for
various asset classes.
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FUTURE RISK ANALYSIS

Exhibit 1
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The discount rate reflects expectations of whahvestment earnings the markets will
deliver in the future, and it is calculated based on two components: expected price
inflation and real rate of return. A change in either of those components over the long
term would necessitate further evaluation of the discount rate.

Fund long-term health requires careful management and decision making for the asset

AT TTAAGETT TAAAARAA O miherRosiEAplopdettBanefi® AT OET T O A
(OPEB$, such as group life insurance and the health insurance credityer the long term.

The VRS Boaraf Trusteesconducted an Asset Liability Study during 2019 to ensure

responsible investment practices and strategies are being used in recommendiagd

deploying investment allocations. As shown in Exhibit 2, sing the plar® 2.5% assumed

rate of inflation and the 10year forward looking capital market estimates and policy

investment targets provided by the VRS investment staffy statistical analysis of the

OAAOT 1T AAT A OAT CA &I O OEA bl Alpoddediad éxpectddA ET OAC
median nominal rate of return of 7.11%, with a reasonable range 06.13% to 8.10%,

representing the 28" and 75" percentiles, respectively. The nominal rate of return is the
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FUTURE RISK ANALYSIS

total rate of return earned on an investment before adjusting for angleductions and
premiums, such as investment fees, trading costs, tax expenses, and inflation.

Exhibit 2

Estimated Range of Expected Future Nominal Rates of Return
Based on VRS 10-Year Capital Market Outlook 2019
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Long-term practice has been to set the investment rate of return expectation at the
median assumed rate, but there are reasons to alter past practidDue to the divergence
between expected returns over the neaterm, i.e., the next five to 10 years, and over the
longer term, i.e., 20 to 30 years, reflecting a blended discount rate to incorporate near
term uncertainty in the markets would require selecting a discount rate below the
median expected longterm rate. As displayed in Exhibit 3, vhile the median return of
7.11% is expected to be achieved 50% of the timselecting a discount rate 06.75%
would move the assumption closer to the 40th percentile, providing approximately a
60% chance of achieving the longerm rate of return over time.
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FUTURE RISK ANALYSIS

Exhibit 3

Estimated Range of Expected Future Nominal Rates of Return
Based on VRS 10-Year Capital Market Outlook 2019
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In effect, the downside tail risk(i.e., the chance of a loss occurring due to a rare event, as
predicted by a probability distribution) is mitigated by selecting a rate at the 40
percentile rather than the median

Impact of Lowering Plan Discount Rate

Exhibit 4 provides the additional unfunded liabilities that were associated withthe

"T AOAGO [/ AOT AA Gower the plan diskolri AtE frdm 7.@% to 6.75%

effectivewith the June 30, 2019%actuarial valuations. As shown in Exhibit 4, before the

change in discount rate and using7.000 AEOAT 01 &6 OAOAhRh OEA 30A0A ¢
liabilities were $5.79 billion. Using a using the current discount rate of 6.75%, thgate

Dl AT 60 O1 £01 AAA 1 EAAEI EOEAO 8hilich. Aargssally AEIT 1 ET 1
plans, the increase in ofunded liabilities as a result of the changenidiscount rate was

$2.99 billion.
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FUTURE RISK ANALYSIS

Exhibit 4

($Billions)
Unfunded Liability Using Actuarial Value of Assets
as of June 30, 2019

Increase in
Before Change ir After Change in  Unfunded
Discount Rate  Discount Rate Liability

State $5.79 $6.47 $0.68
Teachers $11.60 $13.07 $1.47
SPORS $0.29 $0.32 $0.03
VaLORS $0.66 $0.73 $0.07
JRS $0.10 $0.12 $0.02
Local Plans in Aggregate $2.64 $3.36 $0.72
Total Retirement Plans $21.08 $24.07 $2.99

Exhibit 5 provides the estimated additional funding required in fiscal year 2021
associated with lowering the plan discount rate to 6.75%. A 25 basis point redtion in
plan discount rate equates to an approximately 10% increase in employeontribution
rates. This in turn increases expected funding for statewide plans by nearly $2@nillion
each year.

Exhibit 5

Impact on FY 2021 Funding of 25 Basis PoRegduction in LongTerm Rate of Return

($Millions)

Increase in Funding Due to Lowering Discount Rate 25 Basis Points

Employer Employer
Contribution Rate Contribution Rate
Before Change in After Change in

Discount Rate Discount Rate  Increase in Funding General Fund Non-General Fund
State 13.12% 14.46% $58.6 $22.6 $36.0
Teachers 15.00% 16.62% $139.5 $55.8 $83.7
SPORS 23.88% 26.26% $3.1 $2.7 $0.4
VaLORS 20.19% 21.88% $6.2 $5.7 $0.6
JRS 27.76% 29.84% $1.6 $1.6 $0.0
Local Plans in Aggregate 6.96% 8.33% $72.0 $0.0 $72.0
Total Retirement Plans $281.1 $88.4 $192.7

Results based on June 30, 2019 actuarial valuation
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FUTURE RISK ANALYSIS

Analysis of Discount Rate Sensitivity

Analysis of discount rate sensitivity on employer contribution rates gives a sense of the

long-term risk to the employer contribution rates and changes to the funded status. The

analysis provides the impact on employer contribution rates assuming discount rates

that are up to two percentage poins aboveor below the current valuation discount rate.

This analysis gives an indication of the potential required employer contribution rates if

the discount rateranged from4.75% to 8.75% over the longterm. Governmental

Accounting Standards Board GASB Statement67 currently requires sensitivity analysis

I £ P11 6O 1O I ET OO pbp &£OI I OEA DPIATSO AEOAT O1 O
2% around the plan discount rateresulted from discussions during deliberations of the

Gommission on Employee Retirement Seurity and Pension Reform

Exhibits 6 and 7 illustrate how various assumed annual rats of return would affect
pension contribution rates for the Stateand Teacherplans hadthey been applied to the
June 30, 209 valuation. A lower assumed annual rate of return requires higher
contribution rates from employers. A higher assumed annual rate of return requires
lower employer contribution rates. Although the assumed rate of return dictates how
contribution rates are calculatedin the short term, the actual investment returns will
determine what portion of pension costs must be covered by contributions in the long
term.
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FUTURE RISK ANALYSIS

Exhibit 6 z State Plan

($Thousands

Discount Rate 7.75% Current 6.75%  5.75%

Total Normal Cost Rate 6.45% 7.70% 9.39% 11.68% 14.83%
Member Contribution Rate 4.60% 4.60% 4.60% 4.60% 4.60%
Employer Normal Cost Rate 1.85% 3.10% 4.79% 7.08% 10.23%
Administrative Expense Load 0.29% 0.29% 0.29% 0.29% 0.29%
Total Employer Normal Cost Rate 2.14% 3.39% 5.08% 7.37% 10.52%
Total Amortization Rate 1.76% 5.14% 8.59% 12.13% 15.74%
Defined Contribution Hybrid Plan 0.79% 0.79% 0.79% 0.79% 0.79%
Total Employer Rate 4.69% 9.32% 14.46% 20.29% 27.05%
Change in Employer Rate 9.77% (5.14)% 0.00% 5.83% 12.59%
Estimated Change in Annual Funding (427,443) (224,878) 255,066 550,820
Unfunded Liability 1,816,410 3,945,510 6,466,084 9,465,033 13,044,464
Funded Status 91.2% 82.8% 74.5% 66.7% 59.2%

Results based ordune 30, 209 actuarial valuation and represent employercontribution rates that would be effective
with the 2021/202 2 fiscal years.

Exhibit 7 z Teacher Plan

($Thousands

Current
Discount Rate Y 6.75%
Total Normal Cost Rate 7.03% 8.73% 11.01% 14.08% 18.25%
Member Contribution Rate 4.68% 4.68% 4.68% 4.68% 4.68%
Employer Normal Cost Rate 2.35% 4.05% 6.33% 9.40% 13.57%
Administrative Expense Load 0.27% 0.27% 0.27% 0.27% 0.27%
Total Employer Normal Cost Rate 2.62% 4.32% 6.60% 9.67% 13.84%
Total Amortization Rate 1.80% 5.56% 9.46% 13.52% 17.79%
Defined Contribution Hybrid Plan 0.56% 0.56% 0.56% 0.56% 0.56%
Total Employer Rate 4.98% 10.44% 16.62% 23.75% 32.19%
Change in Employer Rate (11.64)% (6.18)% 0.00% 7.13% 15.57 %
Estimated Change in Annual Funding (955,659) (507,386) 585,382 1,278,317
Unfunded Liability 3,011,919 7,582,426 13,070,163 19,711,183 27,812,775
Funded Status 92.3% 82.7% 73.5% 64.8% 56.6%

Results based on June 30, 201actuarial valuation and represent employercontribution rates that would be efective
with the 2021/202 2 fiscal years.
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FUTURE RISK ANALYSIS ‘

INVESTMENT RISK
Possible Future Outcomes

Investment returns will have a greater impact on the funding of the planas the VRS
plans continue to mature.When investment returns are below expectatios, the
unfunded actuarial accrued liability increases and additional contributions are needed
which historically have been funded by employers.

Projecting future outcomes can be done under two sets of analysedeterministic or
stochastic.

Deterministic analysis assumes full certainty about future outcomes, particularly with
future plan experience and assumptions including investment returnsThe deterministic
approach is useful for gauging the general diretdn of change and associated
consequences, and is useful when trying to assess best case or worst case scenarios, or
isolating the impacts of a single assumption such as lowering the plan discount rate.

Stochastic analysis reflects the realistic view thagbension plan investment returns, like

the market itself, may be volatile and uncertain. Rather than using exact assumptions, the
model uses probability distributions to provide a range of possible results based on these
probabilities. The projections are ntended to present general contribution rate trends
under varying economic scenarios and helps to quantify the likelihood and magnitude of
possible future outcomes.

Exhibit 8 below is a deterministic projection thatprovides a range of expected employer
contribution rates under varying expectedrates of return from 4.75% - 8.75% over the
next eight years. If the fund actually earned 575% each year for the nexfive years,
employer contribution rat es for the Sate planwould increase from 14.46% to 14.95%
beginning in 2027. Conversely, if the fund earned 7.75% each of the next five years,
employer contribution rates would decrease from 14.46% to 12.15% beginning in 2027.

If all assumptions are met, mployer rates are inherently expected to trend lower in the
future due to blending in the lower cost hybrid plan as new members are enrolled into
the plan. This can be seen most clearly in the 6.75% return scenario Exhibit 8 below
which assumes no addibnal investment gains or losses over the projection periodbut
shows that the contribution rate trends downward.
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FUTURE RISK ANALYSIS

Exhibit 8 - State Plan

Projected Employer Contribution Rates
Under Varying Asset Returns
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Results based on June 30, 201actuarial valuation

Exhibit 9 showsprobabilistic or stochastic projections of future investment returns and
the impact on future contribution rates for the State planBased on6 2 3dafdal market
outlook and projected asset allocationthe median employer contribution rate is
expected to be slightly less tharthe baseline employer contribution rates, which assume
aconstant 6.75% rate of return, since6 2 3a&s0med rate of return was set closer to the
40t percentile returns rather than the medianduring the Asset Liability Sudy in 2019.
There is a50% probability that employer rates will be between 9.29% and 16.90% by FY
2028 with an expectedemployer rate of 13.22%.
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FUTURE RISK ANALYSIS

Exhibit 9

Projected Employer Defined Benefit Contribution Rates
State Plan
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Exhibit 10 provides similar deterministic analysis for the Teacher plan. fe significant
drop in rates in FY 2023 forthe Teacherplans is due to the 1@year deferred
contributions from the 2010-2012 biennium being paid off, which subsequently lowers
rates by approximately 0.0% of covered payroll.
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FUTURE RISK ANALYSIS

Exhibit 10 z Teache Plan

Projected Employer Contribution Rates
Under Varying Asset Returns
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Resuts based on June 30, 2@ actuarial valuation

Exhibit 11 shows the pobabilistic or stochastic projections of future investment returns
and the impact on futurecontribution rates for the Teacher plan. There is 50%
probability that employer rates will be between 10.58% and 17.95% by FY 2028, with an
expected contribution rate of 14.40%
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FUTURE RISK ANALYSIS

Exhibit 11

Projected Employer Defined Benefit Contribution Rates
Teacher Plan
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Impacts of COVID-19 (Unexpected or Unpredictable Economic Event)

We are in the midst of an economic crisis caused Itlye Novel Coronavirus (COVIEL9).
The virulent novel coronavirus emerged in China in November 2019, and in just a few
months advanced across the planet. Treducethe spread of the virus, people around ta
world have isolated in their homes and businesss temporarily closed or in some cases
shut down.

Unlike other economicrecessions, there is no particularfiscal policy or business error
behind this decline It was brought onby the pandemic and the corsquences and likely
future path of the economy will depend very much on how the pandemic evolves

These are truly unprecedented events Wich make it difficult to precisely model
projections or predictions. Therefore, wecannot stress enough the degree of uncertainty
surrounding these simulations and recovery scenarios.
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FUTURE RISK ANALYSIS

At the start of the year, most investors expected the Yfear bull market to continue in
2020, only tosee itshockingly interrupted by the spread of CO\D-19. As a result, the
markets fell from record highs into bear-market territory in a matter of weeks. As of this
writing there are simply too many unknowns surrounding COVIBL9 to accurately
predict the economic impact.

Adjusted Baseline

Through mid-May 2020 the VRS fund return for fiscal year 2020 was approximately
0.0%. For the purposes ofscenario testing weadjusted our baseline results assuminghie
fund would maintain the 0.0% return for the fiscal year ending June 30, 202QJItimately,
actual returns may vary from this point in time estimate used in these illustrative
examples.Exhibits 12 and 13 provide estimates ofhow a0.0% return for fiscal year 2020
impacts future employer contribution rates over the next six years for the Ste and
Teacherplans. Note that due to asset smoothing, the impacts of a single year event are
recognized over a fiveyear period. Therefore the employercontribution rate will
gradually rise over the next three ratesetting cyclesto account for the new unfunded
liability created by fund returns being below the assumed rate of 6.75%\ny subsequent
returns over 6.75% will help moderate or offsetthe impact of this one year event.

The oneyear asset loss of 6.75% for fiscal year ending 2020 is estimatediterease
State employer contribution rates for fiscal year 2023 by 0.92% of covered payroll, from
an estimated 14.20% to 15.12%. Similarly, the Teacher rate is estimated to increase
0.89%, from an estimated 15.46% to 16.35%.
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FUTURE RISK ANALYSIS

Exhibit 12 z State Adjusted Baseline 0.0% Fund Return FY 2020)

Projected Employer Defined Benefit Contribution Rates

State Plan
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Exhibit 13 z Teacher Adjusted Baseline (0.0% Fund Return FY 2020)

Projected Employer Defined Benefit Contribution Rates
Teacher Plan
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FUTURE RISK ANALYSIS

Exhibits 14 and 15 estimate the impact to the Stateand Teacherplan funded status due

to a0.0% return in fiscal year 2020.Aswas the casewith the contribution rate analysis
the impact on the funded status is also expected to be blended in over five years due to
the actuarial asset smoothing methodThe estimated impact to the funded status asf
June 30, 202Cor the State planif the fiscal year return is 0.0% would be a reduction
from 74.89% to 73.91%. The funded status beyond 2020 is based on the plan achieving
the 6.75% return. Any subsequent returns over 6.75% will help moderate or offsdhe

impact of this one year event.

Exhibit 14 z State Adjusted Baseline 0.0% Fund Return FY 2020)

Projected Funded Status
State Plan
120%
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90%
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40%
2019 2020 2021 2022 2023 2024 2025 2026 2027 2028
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mmmm Sth - 25th 25th-50th  msssm 50th - 75th s 75th - 95th  e=@==Bascline === Adjusted Baseline

Similarly for the Teacher plan, the estimated impact to the funded status as of June 30,
2020 if the fiscal year return is 0.0% would be a reduction fron74.10% to 73.14%. The
projected or estimated funded status beyond 2020 is based on the plan achieving the

6.75% return.
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FUTURE RISK ANALYSIS

Exhibit 15 z Teacher Adjusted Baseline (0.0% Fund Return FY 2020)

Projected Funded Status
Teacher Plan
110%

100%

90%

76.43% 7
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While the initial economicimpacts of COVIBL9 on the VRS fundre apparent further
impacts are likely and will depend on the typeand extentof economic recoverythat
takes placeafter among other thingsthe COVID19-linked various restrictions are lifted.

Predictions for economicrecovery are generating various expectations on whether a
bounce back, a slowburn recovery or a possible relapsecan be expected

To understand the different scenarios emerging posCOVID19, it is important to
understand the immediate nearterm policy responses to COVIEL9. Thisoverarching
discussion cangenerally be condensedinto whether the economic andhealth responses
will either be strong and effective, or weak and reactionary.

Pagel9



FUTURE RISK ANALYSIS

As stated above, these are truly unprecedented events which make it difficult to
precisely model projections or predictions. Therefore, the degree of uncertainty
surrounding these simulations and recovery scenarios cannot be stressed enough .
The VRS investment team compiled several post -COVID-19 economic scenarios
that provide a framing of possible global economic responses over the next several
years. These scenarios form the basis of the analysis related to recovery following
the COVID-19 im pacts that occurred around the world. The following three
illustrative scenarios are estimates of possible recovery scenarios designed to
show the magnitude of impacts on plan funding. There is no degree of certainty

that any of these three scenarios will correctly simulate what will actually happen
over the next five years.

COVID-19 Economic Recovery Scenarios

EV-shaped: In the current environment, a \f\shaped recovery wouldresult in continued
recovery in the third quarter of 2020. Listed below are examples of potential elements
and conditions generally viewed to be associated with \-shaped recovery.

1 Easing of restrictions by states produces small resurgence in COVID cases
which are easily managed.

9 Testing is more available andaster, treatments come ordine and vaccine
research is encouraging; pharma lines ramp up to mass produsgaccinesfor up to
two-thirds of global population over the nexttwo to three years.

1 Employment surges as retail and hospitalityindustries begin tocome back on
line.

1 The markets look to 2020 as a transitory shock. Growth recovers the third
guarter of 2020 to approximately 3%.

9 This scenario isprobably closest to what the market is currentlytracking as of
mid-May 2020.
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FUTURE RISK ANALYSIS

Exhibit 16

Recovery Scenario - V-Shaped
Estimated Fund Returns
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Expected Return

The expected cumulative return from 2020z 2025 would be 5.31% as compared
to 6.00% for the adjusted baseline return and 6.75%which is the assumed return
over this period.

Below are estimated impacts on funding measures ovéne next eight years for
the Stde and Teacher plans assuming the-$haped recovery economic scenario.
Employer contribution rates would increase approximately 1.25% of covered
payroll each of the next three bienra before trending downward in 2029. This
type of recovery could add $illion to unfunded liabilities for the State plan and
approximately $4 billion to the Teacher planor approximately 35% increase in
unfunded liability over the next 5 years.
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Exhibit 17

State Plan - V-Shaped Recovery Scenario
2021 2022 2023 2024 2025 2026 2027 2028

Baseline Contribution Rates 14.46%  14.46% 14.20% 14.20% 13.86% 13.86% 13.58%  13.58%
V-Shaped Scenario Contribution Rates 14.46%  14.46%  15.44% 15.44% 16.56% 16.56% 17.04%  17.04%
Estimated Increase in Employer Rate 1.24% 1.24% 2.70% 2.70% 3.46% 3.46%
Estimated Additional Funding Required - All

Sources ($Millions) $ 59.00 $ 60.50 $ 134.86 $ 138.22 $ 181.81 $ 186.77
- - - - - - - - - - - |
Baseline Funded Status 76.09%  76.66% 77.10% 77.62% 78.09%  78.60% 79.07%  79.61%
V-Shaped Scenario Funded Status 73.07% 71.74% 70.70% 69.82% 70.18% 71.38% 72.43% 73.57%
- - - - - - - - -~ - - - - - |
Baseline Unfunded Liability - ($Billions) $ 630 % 626 $ 624 $ 618 $ 612 $ 604 $ 595 $ 584
V-Shaped Scenario Unfunded Liability - ($Billiods) 709 $ 758 $ 798 $ 833 $ 833 $ 807 $ 784 $ 757
Change in Unfunded Liability - ($Billions) $ 080 $ 132 % 174 $ 215 % 221 $ 204 $ 18 $ 173

Teacher Plan - V-Shaped Recovery Scenario
2021 2022 2023 2024 2025 2026 2027 2028

Baseline Contribution Rates 16.62%  16.62%  15.46%  15.46% 15.08% 15.08% 14.74%  14.74%
V-Shaped Scenario Contribution Rates 16.62% 16.62%  16.66%  16.66% 17.66% 17.66%  18.01%  18.01%
Estimated Increase in Employer Rate 1.20% 1.20% 2.58% 2.58% 3.27% 3.27%
Estimated Additional Funding Required - All

Sources ($Millions) $ 11545 $ 118.76 $ 262.67 $ 270.09 $ 352.52 $ 361.83
|
Baseline Funded Status 75.55% 76.43% 77.06% 77.76%  78.40% 79.09%  79.74%  80.44%
V-Shaped Scenario Funded Status 72.61% 71.71% 71.02% 70.53% 71.20% 72.67% 73.98%  75.35%
|
Baseline Unfunded Liability - ($Billions) $ 1284 $ 1277 $ 1281 $ 1279 $ 1276 $ 1268 $ 1260 $ 1247
V-Shaped Scenario Unfunded Liability - ($Billioss) 14.39 $ 1533 $ 1619 $ 1694 $ 1701 $ 1657 $ 1618 $ 1571
Change in Unfunded Liability - ($Billions) $ 154 % 256 $ 337 $ 415 $ 425 $ 389 $ 358 $ 324

1 U-shaped: This scenarioincludes stabilization in the second half of 2020, the COVHD9
virus controlled, but a slower economic recovery over the next several years due to
economic damage sustained in 202QListed below are examples of potentialinderlying
elements and conditions associated with a{shaped recovery.

1 Intermediate-to-long-term structural changes in labor markets and
unemployment, onshoring, trade policy, market operations, work force
participation patterns, precautionary savings,and declining productivity.

9 Shifts in growth drivers to staples, health careand technology.

9 Deflationary risks and slower growth expected

1 Compilications related toUnited Statesand Chinarelations contribut e to increased
market uncertainty and volatility.
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Exhibit 18

Recovery Scenario - U-Shaped

Estimated Fund Returns
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The expected cumulative return from 2020z 2025 would be 2.17% as compared
to 6.00% for the adjusted baseline return and 6.75%which is the assumed return
over this period.

Below are estimated impacts on funding measures ovéne next eight years for
the State and Teacher plans assuming the-dthapedrecovery economic scenario.
Employer contribution rates would increase approximately 1.5% of covered
payroll and grow to an estimated 8.0% increase by 2027 before trending
downward in 2031. This type of recovery could add $5.7 billion to unfunded
liabilities for the State plan and approximately $11.4 billion to the Teacher plan
nearly doubling the unfunded liability over the next Syears.
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Exhibit 19

State Plan - U-Shaped Recovery Scenario

2021 2022 2023

Baseline Contribution Rates 14.46%  14.46% 14.20% 14.20% 13.86% 13.86% 13.58%  13.58%
U-Shaped Scenario Contribution Rates 14.46%  14.46% 15.63% 15.63% 18.64% 18.64% 21.49%  21.49%
Estimated Increase in Employer Rate 1.43% 1.43% 4.78% 4.78% 7.91% 7.91%
Estimated Additional Funding Required - All

Sources ($Millions) $ 68.04 $ 69.77 $ 23876 $ 244.70 $ 415.64 $ 426.97
|
Baseline Funded Status 76.09% 76.66% 77.10% 77.62% 78.09% 78.60%  79.07%  79.61%
U-Shaped Scenario Funded Status 72.59%  69.46% 65.59% 61.72% 59.41% 58.41% 58.78%  59.92%
- - - - - - ]
Baseline Unfunded Liability - ($Billions) $ 630 % 626 $ 624 $ 618 $ 612 $ 604 $ 59 $ 584
U-Shaped Scenario Unfunded Liability - ($Billiors) 7.22 $ 819 $ 937 $ 1057 $ 1134 $ 1173 $ 1172 $ 11.48
Change in Unfunded Liability - ($Billions) $ 092 $ 193 $ 313 $ 439 $ 522 $ 569 % 577 $ 564

Teacher Plan - U-Shaped Recovery Scenario

2021 2022 2023

Baseline Contribution Rates 16.62%  16.62%  15.46%  15.46%  15.08% 15.08% 14.74% 14.74%
U-Shaped Scenario Contribution Rates 16.62%  16.62%  16.85%  16.85% 19.71% 19.71% 22.39%  22.39%
Estimated Increase in Employer Rate 1.39% 1.39% 4.63% 4.63% 7.65% 7.65%
Estimated Additional Funding Required - All

Sources ($Millions) $ 133.73 $ 137.56 $ 471.38 $ 484.69 $ 824.70 $ 846.48
|
Baseline Funded Status 75.55% 76.43% 77.06% 77.76% 78.40% 79.09%  79.74%  80.44%
U-Shaped Scenario Funded Status 72.14%  69.48% 66.04% 62.73% 60.99% 60.56% 61.44%  63.02%
|
Baseline Unfunded Liability - ($Billions) $ 1284 $ 1277 $ 1281 $ 1279 $ 1276 $ 1268 $ 12.60 $ 1247
U-Shaped Scenario Unfunded Liability - ($Billiors) 14.63 $ 1654 $ 1897 $ 2142 $ 2305 $ 2392 $ 2399 $ 2357
Change in Unfunded Liability - ($Billions) $ 179 $ 377 $ 615 $ 864 $ 1029 $ 1124 $ 1139 $ 11.10

EL-shaped: This recoveryscenariowould involve the persistence of the COVHA9 virus,
continued shelter-in-place orders, inadequateeconomicstimulus and subsequent
economic stagnation.Thelosses would beexpected tobe more severe and last longer
than in the U-shaped recoveryListed below are examples of potential elements and
underlying conditions generally viewed to be associated wittan L-shaped recovery.

9 Developed economies forced to remain in locklown mode into 2021.

9 Authoritarianism, disruptions in trade, travel, and social interaction pushthe
economy into a prolonged severe recession/depression with attendant
uncertainty where unknowns dominate any feasible return to normal.

1 Developed Market Economiesties with China reachall-time lows.

9 United StatesChina relations antagonistic with higher likelihood ofescalated
conflict.
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Exhibit 20

Recovery Scenario - L-Shaped
Estimated Fund Returns
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The expected cumulative return from 2020z 2025 would be 0.80% as compared
to 6.00% for the adjusted baseline return and 6.75%which is the assumed return
over this period.

Below are estimated impacts on funding measures ovéne next eight years for
the State and Teacher plans assuming thedhapedrecovery economic scenario.
Employer contribution rates would increase approximately 1.5% of covered
payroll and grow to an estimated 10.0% increase by 2027 before trending
downward in 2033. This type of recovery could add $7 billion to unfunded
liabilities for the State plan and approximately $14.4illion to the Teacher plan
more than doubling the unfunded liability over the next 5 years.
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Exhibit 21

State Plan - L-Shaped Recovery Scenario
2021 2022 2023 2024 2025 2026 2027 2028

Baseline Contribution Rates 14.46% 14.46% 14.20% 14.20% 13.86% 13.86%  13.58%  13.58%
L-Shaped Scenario Contribution Rates 14.46% 14.46% 15.74% 15.74% 19.58% 19.58% 23.25%  23.25%
Estimated Increase in Employer Rate 1.54% 1.54% 5.72% 5.72% 9.67% 9.67%
Estimated Additional Funding Required - All

Sources ($Millions) $ 7328 $ 7513 $ 28571 $ 292.82 $ 508.12 $ 521.98
- - - - - - - - - - - - -
Baseline Funded Status 76.09%  76.66%  77.10% 77.62% 78.09%  78.60%  79.07%  79.61%
L-Shaped Scenario Funded Status 72.35% 68.21% 63.30% 58.51% 55.19% 53.40% 53.58%  54.64%
- - - - - - - - ]
Baseline Unfunded Liability - ($Billions) $ 630 % 626 $ 624 $ 618 $ 612 $ 604 $ 595 $ 584
L-Shaped Scenario Unfunded Liability - ($Billior) 7.29 $ 852 $ 999 $ 1146 $ 1252 $ 1314 $ 1320 $ 1299
Change in Unfunded Liability - ($Billions) $ 09 $ 227 $ 376 $ 5283% 640 $ 711 $ 725 $ 715

Teacher Plan - L-Shaped Recovery Scenario

2021 2022 2027

Baseline Contribution Rates 16.62%  16.62%  15.46% 15.46% 15.08% 15.08% 14.74%  14.74%
L-Shaped Scenario Contribution Rates 16.62%  16.62% 16.95% 16.95%  20.56% 20.56% 24.12%  24.12%
Estimated Increase in Employer Rate 1.49% 1.49% 5.48% 5.48% 9.38% 9.38%
Estimated Additional Funding Required - All

Sources ($Millions) $ 143.35 $ 147.46 $ 557.92 $ 573.67 $1,011.20 $1,037.91
|
Baseline Funded Status 75.55%  76.43% 77.06% 77.76%  78.40% 79.09%  79.74%  80.44%
L-Shaped Scenario Funded Status 71.90% 68.45% 64.02% 59.64% 56.97% 55.85%  56.63%  58.21%
|
Baseline Unfunded Liability - ($Billions) $ 1284 $ 1277 $ 1281 $ 1279 $ 1276 $ 1268 $ 1260 $ 1247
L-Shaped Scenario Unfunded Liability - ($Billior®) 14.76 $ 17.10 $ 20.10 $ 2320 $ 2542 $ 2677 $ 2698 $ 26.63
Change in Unfunded Liability - ($Billions) $ 192 $ 432 $ 728 $ 1041 $ 1266 $ 1409 $ 1438 $ 14.16

From an historical perspective, the scenarios provided above would rival previous

recessionary periodsAs depicted in the chart belowExhibit 22 shows the rolling 5year

returns over the last 25 years as compared to the expected return of the furshd

includes estimated rolling Syear returns assuming the ¥shaped recovery scenario. This

chart shows that the \Yshaped recovery scenario would provide for a mild recessionary

DAOET A AO AT i PAOAA O1T OEA OAAAOOEIT O 1T AOGAOOAA
Great Recession from 2009z 2013. The green bars represent years in which the Board

lowered the long-term expected rate of return of the fund.
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Exhibit 22

Rolling 5-Year Returns with Projected V-Recovery Scenario
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Exhibit 23 shows the rolling Syear returns over the last 25 years as compared to the
expected return of the fund and includes estimated rolling fyear returns assuming the
U-shaped ecoveryscenario. As was shown above, the-thaped lecovery scenario

provides for a deeper recession than depicted by the-$haped recovery. While the

market returns do not include as large a drop off as seen during the Great Recession, the
prolonged duration of the below average returns provides for cumulative returns that
would be similar to whatwas experienced during the Great Recession.
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Exhibit 23

Rolling 5-Year Returns with Projected U-Recovery Scenario
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Exhibit 24 shows the rolling Syear returns over the last 25 years as compared to the
expectedreturn of the fund and includes estimated rolling Syear returns assuming the
L-shaped recovery scenario. The ishaped recovery scenario provides for a much deeper
recession than depicted by either the \shaped recovery or Ushaped recovery.lt is

worth noting that the L-shaped recovery scenario models a recessionary period that
would be worse thanhistorical periods observed by the VRS fund.
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Exhibit 24

Cash Flow Projections

Defined benefit pension plans are designed to provide employees with guaranteed

income stream upon retirement. Contributions in VRS plans are generally shared by

employees and their employer and are a systematic way of plEOT AET ¢ OEA OUOOAI
costs. The benefit of prefunding is that investment returns on the préunded plan assets

OAAOAA OEA AdeBicdintdoktos O 111 C

Retirement plans that have been in operation for a number of years generally have

contributions coming into the plan and benefits being paid out. The net (nemvestment)

cash flow is the difference btween the contributions and benefits and expenses of the

fund. These cash flows will vary for each plan since all plans have different demographics
and maturities.

Mature plans often have negative cash flows over time, which is considered the normal
cycleof pension plans. Negative cash flows do not necessarily imply a plan is in trouble.
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